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Maize yield in Namtumbo district is low and ranges from 1-2 t/ha in most small holders farms as compared to 7-10 t/ha reported in other parts of Tanzania. The yield is below the crop potential productivity due to low use or not using fertilizers completely. The objectives of the study were to evaluate the fertility status of soils and to determine the response of maize to nutrients. Composite soil samples were collected from 20 farms in 20 villages and used for assessment of soil fertility status. Field experiments were conducted during 2012/2013 season at Namabengo and Lusewa villages in Namtumbo District, to study the effects of six treatments, namely (i) control (ii) N80 P0 K0 Zn0, (iii) N80 P40 K0 Zn0 (iv) N80 P40 K80 Zn0, (v) N80 P40 K80 +Zn10 and (vi) N120 P40K80 Zn10.  Split plot design was used where the main plots factor was maize varieties and sub plots factor was nutrient combinations. Major findings of this experiment were that the major soil fertility constrains for maize production were N, P, K and Zn. The fertilizer combination of N120 P40K80 Zn10 was the best combination for all varieties in both sites which increased grain yield from 0.5 t ha-1 in the control treatment to 8.91t ha-1 at Namabengo site and from 3.07 t ha-1 in control - 7.53 t ha-1 at Lusewa site with the use of improved variety (DKC 8053). However, for farmers to obtain high grain production they must use good agronomic practices which include the use of improved seed, the recommended fertilizer rates
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1.0   INTRODUCTION
Maize (Zea mays L.) is one of the major cereal crops that are grown widely throughout the world in a range of agro ecological environments together with rice and wheat. More maize is produced annually than any other grain. About 50 species exist and consist of different colors, textures and grain shapes and sizes. White, yellow and red are the most common types. The white and yellow varieties are preferred by most people depending on the region (IITA 2014).   Maize is the main food crop of Tanzania averaging 4.5 million metric tons in 2010/2011 seasons. It is an important staple food in many tropical, subtropical and warm temperate countries (Kutua, 2008). About half of the global crop is produced in North America. China is the second largest producer followed by Brazil, Mexico and Argentina (Winch, 2006). The global production was 784786580 metric tons in 2007 (FAOSTAT, 2010). The current average yield per hectare is between 1.2 ton/ha (MOAFSC statistics 2011/12) and 2.0 tons. (FAOSTAT 2012).

Maize was introduced into Africa in the 1500s and has since become one of Africa's dominant food crops. Like many other regions, it is consumed as a vegetable although it is a grain crop. The grains are rich in vitamins A, C and E, carbohydrates, and essential minerals, and contain 9% protein. They are also rich in dietary fiber and calories which are a good source of energy (http://www.iita.org/web/iita/maize (​http:​/​​/​www.iita.org​/​web​/​iita​/​maize​)). Visited December 2013. In Tanzania and Kenya maize are the first major cereal consumed and priority staple food followed by rice, wheat and sorghum (URT, 2006; Wambugu P. W. et al., 2012). It acts as the staple food for over 90% of the Tanzanian as well as Kenyan population. The national food security in Tanzania is often pegged to availability of adequate supplies of maize to meet domestic food demands.  Maize accounts for 60 percent of the dietary calories for the majority of the rural population, covers about 45 percent of the area under annual crop cultivation and contributes about 90 percent of the national strategic grains reserve (Lyimo and Lamboll, 2003).  It is estimated that the annual per capital consumption of maize in Tanzania is 112.5 kg; national maize consumption is estimated to be three million tonnes per year. It contributes about 60% of dietary calories to Tanzanian consumers; the cereal also contributes more than 50% of utilizable protein. In Tanzania a crop is grown on an average of two million hectares or about 45% of the cultivated area though the potential maize area is estimated at five million hacteres. (Aloyce et al., 1998; FAOSTAT, 2010).  Maize is grown all over the country especially in Iringa, Mbeya, Ruvuma, Rukwa, Tanga, Kilimanjaro, Kagera (Biharamulo), Morogoro and in Arusha/Manyara regions. Iringa, Mbeya, Ruvuma, and Rukwa.

Small-scale farmers are dominating the maize production in Tanzania. They account for roughly 85 percent of total production. Medium and large-scale farms make up for 10 percent and 5 percent respectively. Although large and modern farms exist, agricultural production in Tanzania remains grounded on subsistence farming (URT, 2006; Amani, 2004, FAOSTAT 2012/2013). However, 40% of the national maize production comes from four regions:, Iringa, Mbeya, Rukwa and Ruvuma Regions. The growth period of maize averages 90 – 120 days at low altitudes and 180 – 240 days at approximately 2500 m above sea level (Winch, 2006). The optimum temperature for germination is 18 – 21oC. It is very slow at 13oC and does not germinate at temperatures below 10 oC. The ideal temperature at tasseling is 21-30oC (Winch, 2006). In temperate or subtropical regions, a rainfall of 450 – 600mm during the growth period is enough while in the tropics it needs 600 – 900mm.  A very dry spell just before or during tasseling reduces yields. Maize can grow from 0 to above 1500 m.a.s.l. To produce good yield, it requires fertile soils, high organic matter content and exchangeable bases, well drained, loam soils and careful management (Winch, 2006). 

In Namtumbo district maize is cultivated in the two agro ecological zones. These ecological zones are;- Southern zone which ranges from 400 - 800m above sea level which is in the East and South of district with soils characteristic tend to be yellowish red; Loam sands and the other is the northern zone range between altitude 500m to 1000m above sea level with soils characteristic tend to be Dark red clays (Rhodic Ferralsol). (URT, 2006 URT, 2010).

Maize is not only a staple crop in regions but also a cash crop as well. In Ruvuma region, maize has been found to compete aggressively with tobacco and other cash crops for land, labour, and farmers’ cash. Maize is the most important cereal crop in sub-Saharan Africa (SSA) and an important staple food for more than 1.2 billion people in SSA and Latin America. All parts of the crop can be used for food and non-food products. In industrialized countries, maize is largely used as livestock feed and as a raw material for industrial products. Maize accounts for 30−50% of low-income household expenditures in Eastern and Southern Africa. A heavy reliance on maize in the diet, however, can lead to malnutrition and vitamin deficiency diseases such as night blindness and kwashiorkor.  Maize production in Namtumbo district is low it ranges from 1-2t/ha as compared to production of 7-10t/ha reported by (Kanyeka, et al. (2007) in other parts of Tanzania. This situation developed a demand for a research on what cause the low productivity in Namtumbo district as opposed to recommended production. Farmer and extension staffs are not sure of either low fertility status of the soil, little use or no use of fertilizer at all, insufficient use of fertilizer, limiting nutrient in the soil, knowledge on limiting nutrients such as N, P, K, S and Zn. 

Transformation and shift of farmers from the use of Sulphate of Ammonium to the use of Urea only made the production more wroth. The average production is 2t/ha as the trend shows from 2006 - 2011 though from 2012 to date it has been a slightly increase in productivity this may be due to use of subsides agricultural inputs via National Agricultural Voucher systems by Tanzania government. Intensification of maize production yields of maize can grow higher from 1.3 to 7 tons/ha by improved agronomic practices making use of adequate amount and type of farms inputs such as improved seeds, fertilizers, agro-chemicals and extension services. Better access of farmers to improved seed varieties to enhance productivity at farmer level for maize, developing sustainable mechanism for providing improved agronomic skills and enhance farmer’s organization in maize production, processing and marketing (Kanyeka, et al., 2007; Olaniyi, O. A. and J. G. Adewale, 2012).

1.1   Maize production trend in Namtumbo District
Maize production in Namtumbo district is low it ranges from 1-2t/ha to most of small holders maize farms. The yield is below the crop potential productivity due to low use or not using fertilizers completely as compared to production of 7-10t/ha reported by Kanyeka, et al., (2007) in other parts of Tanzania. Production trends in Namtumbo district are a shown in appendix 2b.

Maize production in Ruvuma regional statistic showed the production per hectare is decreasing year after year. The average production is 2.3 tonne per hectare. appendix 2c.

During the early stage of crop cultivation only nutrients already present in the soil had been relied on production, but as time goes on there had been increasing addition of plant nutrients. Unfortunately inspite of the addition of nutrients, the soils are continually deteriorating. The assimilation of N, P and K reaches a peak during tasseling. At maturity the total nutrient uptake of a single maize plant is 8.7g of N, 5.1g of P and 4.0g of K. One tone of grain produced removes 15 - 18kg of N, 2.5-3kgP and 3.0-4.0 kg K from the soil. Therefore Baker et al., (1997) reported that continued withdrawal of nutrients by crops without replenishing leads to subsequent decrease crop yields. Poor yield of maize are due to a range of factors:  the major ones includes declining of soil fertility, shifting of farmers from the use of ammonium sulfate (SA) in combination with phosphate fertilizer use of Urea fertilizer alone, lack of high yielding maize variety, pest problems and crop adaptation to the area. The nutrient status of the soil can be assessed by observing the crop growth trend, obtaining information from the best management activities and conducting soil plant tests.

1.2   Objectives
1.2.1 Overall Objective
Understanding nutrient availability status and requirement of nutrients supplement in the soil and preliminary recommendations for maize crop.

1.2.2  Specific Objectives
i.	To evaluate the fertility status of the soil and provide a basis for fertilizer recommendations for maize crop.
ii.	To determine soils chemical properties and status of some nutrients (N, P, K, Zn and S) under smallholder maize farms











2.0   LITERATURE REVIEW
2.1   Origin and Distribution of Maize 
The likeliest primary center of origin of maize is considered by most authorities to be Central America and Mexico, where many diverse types of corn are found (Leonard and Martin, 1989; Olaniyi and Adewale 2012). Maize comes in five phenotypes (sweet, pop, floury, dent, and flint) all its forms derive from a single ancestor domesticated in central Mexico around 7000 years ago (McCann, 2005). According to Leonard and Martin (1989) its relative teosinte and several species of tripsacum also are found in this region. The discovery of fossil corn pollen and other archaeological evidences in Mexico points to Mexico as an early center of domestication. The cultivation of maize probably started in this region about the beginning of the Christian era (Wolfe and Kipps, 1959). A possible secondary center of origin of maize is South America in the Andean region of Bolivia, Ecuador and Peru (Leonard and Martin 1989). From these areas it rapidly spread to other countries including Tanzania.

2.2   Diversity of Maize growing soils 
The most suitable soil for maize is one with a good effective depth, favorable morphological properties; good internal drainage, and optimal moisture regime, sufficient and balanced quantities of plant nutrients and chemical properties that are favourable specifically for maize production. (Jéan du Plessis 2003). The best soils for maize  are well drained deep loams and silt loams. Maize can be grown on soils with a pH from 5.0 to 8.0, but it is moderately sensitive to salinity, and 90% relative yield is obtained at an electrical conductivity of about 1.8 dS m-1 Syafruddin et al. (2009).

A soil analysis is used to determine the level of nutrients found in a soil sample. As such, it can only be as accurate as the sample taken in a particular field. The results of a soil analysis provide the agricultural producer with an estimate of the amount of fertilizer nutrients needed to supplement those in the soil. Applying the appropriate type and amount of needed fertilizer will give the agricultural a more reasonable chance to obtain the desired crop yield. (Baker et al.,1997). 

Soil testing is an important tool for preparing site specific fertilizer recommendations, but is little used by farmers due to the lack of supportive research and the cost of soil analysis (Tasnee et al., 2003). The assimilation of Nitrogen, Phosphorus and Potassium reaches a peak during tasseling. At maturity the total nutrient uptake of a single maize plant is 8.7g of Nitrogen, 5.1g of Phosphorus, and 4.0g of Potassium. Each tone of grain produced removes 15kg to 18kg of Nitrogen, 2.5 to 3kg of Phosphorus and 3.0 to 4.0 kg of Potassium from the soil. Continued withdrawal of nutrients done by crops without repayment cannot continue indefinitely. As nutrients are removed by one crop and not replaced for subsequent crop production, yields will decrease accordingly. (Baker et al.,1997).  

The Southern Highland agro ecological zone of Tanzania produces about 46% of the National maize production and constitutes for nearly 90% of maize purchased for the National food security granary (Bisanda et al., 1998; Amani, 2004).  Although, this is the case, the production of maize in the Southern Highland zone, has been decreasing yearly. For example in Ruvuma Region, maize yield decreased from 340,485 tonnes in the year 2000 /2001 to 225,855 tonnes in the year 2007/2008 (Regional report, 2009). This was exacerbated by low maize yield of 1.3 tonnes per hectare by most of small holder farmers, instead of 7.2 tonnes per hectare expected under good management conditions (ARI Uyole, 2006; Bisanda   et al., 1998).

 One of the main factors for low maize yield in the region has been related to poor adoption of recommended fertilizer package that is the recommended type, rate and time of fertilizer application (Skarsten, 2005). Fertilizer recommendations in Thailand are obtained from simple experiments and extrapolated on generalized soil properties (Tasnee and Yost 2003).

2.3   Important nutrient elements in maize production
The most important macronutrients in maize production include: - Nitrogen (N), Phosphorus (P), Potassium (K), calcium (Ca), magnesium (Mg) Sulfur (S) and Iron (Fe) in addition to the commonly recognized essential mineral nutrients for plant growth. However, quite often some nutrients are not present in plant available forms in adequate amounts (Kitundu, 2001).

2.4   Macronutrient elements in soils for maize production
2.4.1   Nitrogen
Nitrogen holds the key to productivity of all cereal crops including maize. It is an important plant nutrient and for most agricultural land is the most deficient of all nutrients (Tisdale et al., 2005). The critical value of N in maize is 3.0% while adequate range is 2.76- 3.50% (Walsh and Beaton, 1973). It is absorbed by plants as nitrate (NO3) and ammonium (NH4+) ions (Marschner, 1995). In moist, warm, and well aerated soils the NO3 form is dominant (Tisdale et al., 2005). Maize and other cereals prefer NH4+ to NO3 form of N. The main source of N in soils is soil organic matter, which accounts for over 95% of the total N in most soils. (Landon, 1991) categorized total N of soils as Very low (<0.1%), Low (0.1 – 0.2%), medium (0.21 – 0.50%), and >0.5% as high. However most of small farmers do apply only N-fertilizers. Continued use of N fertilizer alone has lead to non response of N fertilizers due to excessive depletion of P and/or K, and/or micronutrients in some soils. (Nyambilila et al., 2013). 

2.4.2   Phosphorus
Phosphorus is essential for cell division because it is constituent nucleoproteins which are involved in the cell reproduction processes. It is also a component of a chemical essential to the reactions of carbohydrate synthesis and degradation. It is important for seed and fruit formation and crop maturation. Phosphorus hastens the ripening of fruits thus counteracting the effect of excess nitrogen application to the soil. It helps to strengthen the skeletal structure of the plant thereby preventing lodging. It also affects the quality of the grains and it may increase the plant resistance to diseases. However, the requirement and utilization of these nutrients in maize depends on environmental factors like rainfall, varieties and expected yield. (Onasanya et al., 2009). In soils, Phosphorous is derived from the weathering of rocks containing the mineral apatite and also from decomposition of organic matter. Phosphorus is present in soil as primary mineral and phosphates of Al, Fe and Ca. It is also present adsorbed on clay and hydrous oxides and as organic phosphate. (Walsh and Beaton, 1973) reported the critical value of P in maize to 0.25% while the adequate range was reported to be 0.25 - 0.40%. Phosphorous is absorbed by plant roots from the soil solution as H2PO4- HPO4-2 and PO4-3 (Marschner, 1995). The availability of P is pH dependant and is highly available at pH range of 5.5 - 7.0. P deficient maize plants develop purplish or purple colour starting on the leaf margin and stem and spreading over the whole leaf, thin stem of maize and cobs become small with fewer and small grain. Landon (1991) by using Bray-Kurtz I method determined the soil P levels and classified different range as follows: < 7 mg P kg-1 as low, 7 - 20 mg P kg-1 as medium and > 20 mg P kg-1  as  high.

 2.4.3   Potassium
From 90-98 % of the total K present in soils is found in insoluble primary minerals such as feldspars and micas. Walsh and Beaton (1973) pointed out the critical value in maize plant tissue is to be 1.90% while the sufficiency range in maize is 2.0 – 3.0. In the soils, K exists in four forms namely; Solution K, exchangeable K, fixed K and structural K. Soil solution K is the form of K that is directly taken up by plants mainly in the form of K+ and its tissue concentration ranges from 0.5 – 6% in dry matter (Tisdale et al., 2005). Deficiency of K in maize plants leads to the development of firing or scorching of leaf margin, while midrib remain green (Thompson, 2009). However,  Landon (1991) determined the loamy soil K levels and classified  ranges as follows: < 0.13% as very low, 0.13 to 0.25% as low, 0.26 to 0.80% as medium, 0.81 to 1.15% as high  and the range > 1.35% as  very high.

2.4.4   Sulfur
Sulfur is the fourth major plant nutrient after N, P, and K. Generally in agricultural soils of humid and semi-humid regions total S ranges from 0.01 to 0.05% (Tandon, 1995).  It occurs in rocks such as gypsum (CaSO4.2H2O), epsomite (Mg SO4.7H2O), Mirabilite (Na2SO4.10H2O), pyrite (FeS2) phalerite (ZnS), chalcopyrite (Fe11 S12), galen (PbS), arsenopyrite (FeS2, FeAs2) and pentlendite (Fe,Ni)9S8) found throughout the world (Kamasho and Singh 1980). In most agricultural soils total S contents range from 50-300mg/kg (Tandon, 1995). The inorganic form of S in soil includes; solution SO42- utilized by plant, adsorbed SO42-, insoluble SO42- and reduced compounds of S (Tisdale et al., 2005).  

2.4.5   Micronutrients in the soils
The elements that are essential but are required in small amounts for plant growth are known as micronutrients (Marschner, 1995; Tisdale et al., 1993).  These include Zn, Cu, Mn, Fe, Chlorine (Cl) and Bo. Low amount of micronutrients in soils can frequently be traced to the low contents of these elements in the parent rocks (Uriyo et al., 1979). The critical concentration of Zinc in Maize crop is 15mg/kg and the adequate range is 20-70mg/kg as obtained by Walsh and Beaton (1973). 

2.5   Factors affecting nutrient availability
2.5.1  Soil organic matter
The colloidal particles of organic matter are negatively charged. They attract positively charged ions to their surface hence influence nutrient retention in the soils.  Soil organic matter influences the physical, chemical and biological properties of soils, which consequently have a substantial impact on the growth and yield of plants (Tisdale et al., 2005).  

2.5.2  Soil pH
The greatest general influence of pH on plant is its effects on the availability of nutrients for plants.  The solubility of nutrient elements is pH dependent (Tisdale et al., 1993; Foth, 1990).  At low pH, Al and Fe oxide soils P precipitated as insoluble Fe/Al-P compounds while at high pH, P is precipitated as insoluble Ca or Mg- P compounds (Alloway and Tills, 1984).  Availability of exchangeable bases namely;- Na, Ca, Mg, K and of P is low in low pH soils.  The critical pH for maize production in East Africa is 5.0 - 5.5 (Fageria et al., 1997).

2.6   Role of soil and plant analysis 
Analysis of the soil is essential in determining the supplemental nutrient requirements of a crop. It is chemical method for estimating the nutrients supplying power of a soil (Kitundu, 2001). Pieri, (1992) clarified that  chemical analysis of the soil  tries to set up for each element below which nutrient supply is insufficient and above which it is unlikely that applying that nutrient will increase crop yield or significantly improve crop quality.
CHAPTER THREE

3.0   MATERIALS AND METHODS
3.1   Location
Namtumbo district is situated in the south eastern part of Ruvuma Region. It lies between Latitude 9o 17’ and 11o 45’south of equator and Longitude 35o 17’ and 36o 52’ East. It is located between altitudes of 400m-1000m above sea level, (URT 2006; DEDs’ office, 2012).

3.1.1   Climate
The District has moderate mild temperature average between 20oC-25oC during daytime and 15ºС to17ºС during night; the hottest months being September, October and November. Namtumbo District normally experience adequate annual Rainfall. It experiences a mono modal rainfall pattern, with average annual rainfall range between 800 to 1000mm. 

3.2   Site survey
Prior to the selection of the farms a baseline survey was conducted on smallholder maize growing farms in the district. This was to assist on collection of data before the initiation of the field studies. Total of twenty villages in the district were selected for soil sampling to represent the maize growing farms of the smallholder farmers in the district and two experiments were conducted, one on each agro-ecological zone of the district, on the farms where sub-samples were taken. Fifteen to twenty samples from each village farms were sampled, mixed to get a composite sample of which was  reduced  by  quartering  method  so  as  to remain with at least one kg from each
 village for laboratory work.

3.3   Treatments and Experimental design
One experiment was conducted in each zone in proposed villages. Split plot design was used with three replicates on which each replicate had three main plots and each main plot had seven subplots with four rows and each row consisted of 10 plants. The spacing was 30cm between plants and 75cm between rows in the experimental units. (3 Variety* 6 Fertilizer levels * 3 Replicates = 54 Plots).

Each experiment contained seven treatments, which were as follows (i) the control (no fertilizer application), (ii) N80 P0K0 (current farmers’ practice) which is a 50kg of N from UREA (46% N), SA (21% N), DAP (18% N,  (iii) N80 P40 K0 Zn0  (iv) N80 P40 K80 Zn0 (the recommended rate  by UAC, 1980), (v) N80 P40 K80 + Zn10 (the recommended rate + Zinc) and (vi) N120 + P40K80 Zn10 (two third of UREA Plus P40K80 Zn10  as  the recommended rate by UAC, (1980).

Treatments were applied at planting and at earthing up using placement method. No fertilizer was applied in treatment (i) and the full dose was applied in treatment (v) during planting while treatments (ii), (iii) and (iv) were applied half dose of N80 and with variation in P and K (N0 P0 K0 Zn0  in control plots  and N40 P0 K0 Zn0  ) at planting for the remaining plots and  N120 + P40K80 Zn10 were applied as N120 two third of the recommended dose and was applied at earthing up and weeding which was done at 45 days after germination. However, P in all treatments except treatment (i) and (ii) were applied at planting while Zinc in treatment (v) and (vi) were applied as top dressing. The amount to apply was determined based on the rate to apply. 
The experimental design used was a split plot, laid out in randomized complete block design (RCBD) with three replications. Whereas, the three varieties of Maize namely Local variety, DKC 8053 and Pioneer PHB 3253 were used as main plots and the levels of fertilizers were used as sub-plots. Three replicates on which each replicate had three main plots and each main plot had seven subplots with four rows and each row consist of 10 plants. The spacing were 30cm ٭75cm i.e. 30cm between plants and 75cm between rows in the experimental units. (3 Variety* 6 Fertilizer levels * 3 Replicates = 54 Plots).
 
3.4   Data collected
 3.4.1   Soil Sampling, Physical, Chemical and Plant tissue Analysis
A composite Soil samples were collected from different maize farms from 20 different villages at depth of (0-30 cm). The general fertility statuses of the soil were determined from the samples. Total nitrogen, pH, exchangeable bases, organic carbon, CEC and available P and selected micronutrients were determined. The plant materials were digested in a mixture of concentrated nitric acid and hydrogen peroxide. Samples were obtained according to the physical characteristics; randomly about 15-20 plant samples from each uniform unit were sampled in zigzag manner to form a composite sample. Nutrient of primary interest were N, P, K, S, Zn and Ca.

 Table 1: Analytical methods used in the study
Characteristics	Method of analysis	Authority
Total Nitrogen	Micro- Kjeldahl digestion-distillation	Bremner and Mulvaney (1982)
Organic Carbon	Walkley and Black	Nelson and Sommers (1982)
pH	pH meter, in water (1:2.5)	MacLean (1982)
Available P	Bray1 and Kurtz	Olsen and Somners (1982)
Exchangeable Bases (K, Ca, Na, Mg )	Neutral ammonium acetate leachate by atomic absorption Spectrophotometer	Rhoades (1982) and Thomas (1982).
CEC	Neutral  ammonium acetate saturation	Rhoades (1982) and Thomas (1982).
Soil Physical characteristics	Bouyoucos Hydrometer, following by dispersion of soil particle.	(Day, 1965)
Plant material analysis	Wet (nitric acid and hydrogen peroxide) or Ashing (Dry)	Jones et al. (1991).




3.4.2   Experimental data
Plant growth characteristics include (crop emergency, Leaf area per plant, Total Dry Matter, Relative growth rate (RGR), at tasseling, 50% flowering, Plant height, Cobs per plant, Rows per cob, Grain yield per cob, Yield per 1m2, 100 seed weight and Grain yield per hectare were collected.

3.5   Statistical analysis
3.5.1  For objective number I 
The relationship between soil chemical properties: - total N, Available P, K, CEC, Zn, S, Soil pH and extractable bases were determined using simple correlation equation viz: 
r=  (Little and Hills 1978). 
Where;-
r = coefficient of correlation.
x= deviation of an individual x value from the mean of x’s.
y = deviation of an individual y value from the mean of y’s 

3.5.2  For objective number II 
(Growth Characteristics) The collected data were subjected to analysis for variance (ANOVA) techniques of SPLIT PLOT; GENSTAT Discovery edition 3 statistical package were used to assess the response of fertilizer levels to maize yields. 

3.6   Location and duration
This research work was conducted in Namtumbo District, Ruvuma region for a period of eleven months (from September 2012 – August 2013).
CHAPTER FOUR

4. 0	RESULTS AND DISCUSSION
4.1   Physical and Chemical Properties of the experimental Sites
4.1.1	Soil texture
The texture of the twenty soils obtained from Mwangaza, Hanga, Ligera, Mchomoro, Mtonya, Luhimbalilo, Njoomlole, Mgombasi, Mkongo Nakawale, Kilangalanga, Nahoro, Litola, Mageuzi, Namtumbo, Mandepwende, Magazini, Naikesi and Ligunga experimental sites are presented in Table 2.








Table 2 :  Physical Characteristics of the twenty soils in Namtumbo District






















Source: Reseacher data 2013

4.1.2	Soil pH, Phosphorus, Organic Carbon and Nitrogen
The pH, total nitrogen, Bray 1–P and organic carbon contents of the soils before one years of amendment are presented in Table 3.
Table 3  :  Chemical properties of soil from twenty different samples of Namtumbo soils
Soil 	Soil pH	Bray 1-P	OC	Total N



















Source: Reseacher data 2013

4.1.2.1   Soil pH
Results of soil pH in experimental areas are given in Table 3. Soil pH ranged from 5.07 to 6.52 in Namabengo and Lusewa soils. This pH range is categorized as very strongly acid to slightly acid (London, 1991). The higher pH value was obtained from Lusewa experimental area which was 6.52 while at Namabengo experimental site was 5.07. The pHs of the two study area is within the satisfactory range for maize production. Maize is best adapted to well drain sandy loam to silty loam soils. It can be grown successfully in soils whose pH ranges from 5.5 to 7.5 (London 1991, Nyambilila et al., 2013). However, results for physical and chemical properties of other soils which were sample in twenty villages are shown in table 3 above. From table above soil pH ranged from 4.89 at Luhimalilo village to 6.52 at Lusewa village, according to London (1991) pH is ranged as very strong acid to slightly acid. 

General findings the decrease in soil pH in these soils was probably due to frequently use of Sulphate of Ammonium rather than using none acidifying fertilizers like Minjingu Rock Phosphate. Deusdedith (2004) Minjingu Rock Phosphate fertilizer minimizes the acidification effect of Sulphate of ammonia. Sulphate of ammonia is known for its acidification effect when applied in soil. According to Brady and Weil (2000), ammonium containing fertilizers such as (NH4)2 SO4 and (NH4)2HPO4 are oxidised in the soil by microbes to produce strong inorganic acids through reactions such as the one shown below:

(NH4)2SO4 + 402            2HNO3 + H2SO4 + 2H2O	
These strong acids provide H+ that lowers soil pH. From the findings of this study, it can be concluded that soils where Sulphate of Ammonium fertilizers are feared to increase acidity particularly soils in Namtumbo district, use SA or Urea in combination with Minjingu phosphate rocks (granulated) can appreciably minimize acidification.
	
4.1.2.2	   Bray 1-phosphorus
The phosphorous content in all twenty soils under the study is presented in Table 2. Extractable P ranged from 1.95 to 21.04 mg/kg in all sampled soils. Extractable P values ranged from low to medium except one sample collected from Ligera which had 21.01 mg/kg which is high. Both experimental sites (Namabengo and Lusewa) had 5.74: mg/Pkg, which is r\ted as low P supply based on categories by London (1991).  Based on the rating of London (1991), 95% of the soils in Namtumbo district have low level of available P. Phosphorous fixation by Fe3+ Mn3+ and Al3+ (Schewertman and Herbillion, 1992:, Buri et al., 1999) coupled with low pH could be the root cause for the low P. Possibly, inherent low P in the soils of study area could also account for the low available P of these soils (Table 3).

4.1.2.3   Soil Organic Carbon
Results from eighteen soils are presented in Table 2. The organic carbon data for the twenty soils sampled from Namtumbo villages ranged from 0.01 to 1.13% while that of experimental sites ranged 0.16 – 0.86%. According to Baize (1993), soils from Lusewa and Namabengo experimental sites had very low OC and soils from four villages Mtonya, Mkongo Nakawale, Nahoro and Litola had low OC, the rest fourteen soils had very low OC. These levels are similar to those from other studies done in maize soil at Suluti, Mbinga and Msindo (Semoka et al.,1999; Msanya, 2001; ARI UYOLE, 2006). Thus many soils from Ruvuma region seem to be low in Organic carbon.

4.1.2.4   Total nitrogen
The results of total nitrogen in soils are presented in Table 3.  Total nitrogen content in the twenty soils ranged from 0.02 to 0.08% which were rated very low in all soils including that of experimental sites which was 0.06% for Lusewa and 0.07% for Namabengo according to Landon, (1996).  The very low Nitrogen content of soils in Namtumbo district could be attributed to nutrient mining by continuous maize harvesting without additions of recommended N fertilizers. Marshner, (1995, 2002) reported that intensive cropping has deprived the soil of essential plant nutrients such as N, P, K and other micro nutrients. This has resulted in lowering crop yield especially of the fast growing crop like maize. However, the low pH values in the experimental area might also contribute low N due to suppression of microbial activities responsible for transformation and plant residue mineralization. Low level of organic matter which is contributed to low amounts of crop residues returned to the soils might elevate the problem. This observation is supported by (Heenan et al. 1981) who found high N content in cropping systems where high amounts of crop residues were returned to the soil.

 According to Bear (1965) the quantity of nitrogen is closely related to the amount of soil organic matter which makes approximately 5% of soil volume.  Also low levels of total nitrogen observed in Lusewa and Namabengo soils were attributed to leaching and continuous plant removals. 

4.1.3	 Levels of other nutrients and Cation exchangeable capacity
4.1.3.1   Exchangeable Calcium
The results on Calcium levels are shown in table 4 below. The mean exchangeable Ca from study area ranged from 0.63 to 4.64 Cmol (+)/kg with mean value of 2.42 Cmol(+)/kg. According to London’s classification (1991) 100% of the soils at experimental sites Namabengo 0.63 Cmol(+)/kg and Lusewa 1.07 Cmol(+)/kg ranged very low for Namabengo and medium calcium level for Lusewa, these classification are also affected by textural classes of the soils. London (1991) suggested that when Ca is less than 0.2 Cmol(+)/kg then Ca containing fertilizers should be applied for optimal crop production. 100% of the soils of study area don’t fall in deficient category. This implies that under these soils crop production can be done without necessity of applying Ca containing fertilizers.

4.1.3.2	   Exchangeable Magnesium
Levels of exchangeable magnesium in the twenty soils ranged from 0.22Cmol (+) kg to 1.65 Cmol(+)/kg Table 4. Levels of exchangeable magnesium were very low to medium according to Landon, (1991).  The two study areas Namabengo and Lusewa had exchangeable magnesium ranging from 0.18 – 0.22 Cmol (+)/kg respectively, Lusewa had low exchangeable magnesium due to its textural class while Namabengo observed very low exchangeable magnesium. Most of the soils in study area had low to medium level of Mg hence wide spread of deficiencies in Mg observed in farmers field as well as in experimental sites.  Low level of Mg in the soils is likely to cause low yield, thus application of Mg containing fertilizers is recommended in the area.

4.1.3.3	   Exchangeable Potassium
Result of exchangeable potassium in composite sample soils are given in Table 4.  Exchangeable potassium levels in the all twenty soils ranged from 0.08 Cmol(+)/kg to 0.37Cmol(+)kg.  Based on Landon’s (199,1996) guidelines for rating of exchangeable potassium all values were rated as being low and that of Lusewa being classified as low due to its textural class (sandy soils).  The low contents of K in all soils could be attributed to leaching and probably low K contents in the parent materials from which the soil originated. Wilson, (1992) reported that low K content in soils will definitely affect the quality of the final products of the crop. However, deficiency of K can reduce crop quality as Crops grow slowly and have poorly developed root systems, stalks are weak and lodging of cereal crops such as maize and small grain is common. Therefore application of K containing fertilizers becomes necessary in the soils where low K is observed. Generally, the levels indicated that production of crops in these soils for sometime could be done without fear of K deficiencies.

4.1.3.4	   Cation exchangeable capacity (CEC)
Results of cation exchange capacity in the twenty soils are given in Table 3 ranged from 8.6 to 19.6Cmol (+)/kg with the mean value of 14.15Cmol (+)/kg. The two experimental sites had 15.8Cmol (+)/kg this was observed at Lusewa and 19.6Cmol (+)/kg was observed at Namabengo site. According to London, (1991) soils at Hanga and Mandepwende had low CEC while the rest soils categorized to have medium CEC level. The observed low to medium CEC values shows that the soils have low ability to supply the necessary plant nutrients. According to Othieno, (1992) application of organic matter such as plant residue/wastes is necessary in order to improve the CEC of the soils.

4.1.3.5	   DTPA Zinc
The results of DTPA-extractable zinc are presented in Table 4.  Extractable zinc ranged from 0.13 mg/kg in Namabengo to 0.92 mg/kg in Mgombasi soil.  According to Lindsay and Novel (1978; London, 1996) classifies all values to be sufficient for optimum maize growth. However, similar results were reported by Semoka (2000) and Msanya (2001). Currently it may not be a major problem but in the long run this may be a serious problem unless gradual replenishment is done though application of fertilizers containing Zn.

4.1.3.6	   DTPA Extractable Copper 
The amounts of DTPA extractable Cu are presented in table 4. The amount ranged from 0.24 to 1.08mgCu/kg. Lindsay and Novel (1978) suggested that for normal plant growth, the critical limit for DTPA extractable Cu should be 0.2mgCu/kg. Based on this fact 100% of sampled soils from Namtumbo district have sufficient amount of Cu for plant growth.  Thus, this study justifies that Copper is not one of the constraints to maize production in most parts of Namtumbo districts.

 4.1.3.7   Exchangeable Sodium
Results of exchangeable Na in the twenty soils are given in Table 4 ranged from 0.12 to 0.16Cmol (+)/kg with the mean value of 0.14Cmol(+)/kg. All values were rated as low for optimum maize and other cereals growth (Landon, 1991). Na+ stimulates the growth of certain plants such as beets and turnips under some conditions. However, it is not considered as essential since maize can complete their growth cycle in its absence. Thus, this study justifies that exchangeable Na is not one of the constraints to maize production in Namtumbo district.

4.1.3.8	   Exchangeable Sulphur 
The extractable S level in the study areas are shown in Table 4, S level ranged from 0.08 to 35.82mg/kg. According to Tandon (1991), soil S contents less than 3mg/kg are considered to be deficient for optimal crop production. Based on this fact only 70% of the soil samples are adequately supplied with Sulphur and 30% of samples were deficiencies which includes the experimental areas. This means in feature there will be a need to apply Sulphur rich fertilizers to avoid its deficiency.

Table 4: Levels of other nutrients and CEC 
Lab. Soil	EC	SO4-2	SO4S	Exch. Bases	Cu	Zn





















Source: Reseacher data 2013

4.2    Field experiment
4.2.1   Visual assessment of field maize growth
Maize seeds were completely sprouted after 8 days.  The rate of growth of maize plants in all experimental fields was fairly uniform at 14 days but there after differences emerged for different treatments.  The differences in rate of growth were especially observed with plants grown in Lusewa and Namabengo sites.  The rate was equal for both experimental sites treated by (Control, N, NP, NPK, NPKZn and 
NP) equals to {(80kgN/ha(UREA), 80kgN/ha+40kgP/ha, 0kgN/ha+40kgP/ha+ 80kg K/ ha, 80kgN/ha + 40KkgP+80kgK/ha+20kgS/ha, 80kgN/ha+40KkgP+ 80kg K/ha+ 10kgZn/ha, 120 kg N/ha (UREA) + 40 kg P/ha and Control (no fertilizer added)} respectively.  In Lusewa and Namabengo soils plants from different treatments continued to grow at almost same rate at fourteen days after sowing inspite of different levels of basal dressing fertilizer treatments. However, on application of the second treatment (top dressing fertilizer levels), the differences in growth between plants in control and other treatments were clear as shown below; Appendix 1a.

Appendix 1a: Treatment layout in Sprit plot

Source: Reseacher plate 2013, taken at Namabengo site
The second split application of phosphorous micro elements was done at 28 days after sowing.  Plants in Namabengo soils treated with N, NP, NPK, NPKZn, and N++PKZn in different rates grew much faster than their counterparts in the control plots as well as plots treated with N (UREA) alone. However, at Namabengo site generally the performance in terms of growth vigour remained relatively high for plants receiving 80 kg N/ha (UREA) + 40 kg P/ha, 80 kg N/ha (UREA) + 40 kg P/ha +80kg K/ha, 80 kg N/ha (UREA) + 40KkgP+ 80 kgK/ha + 80 kg N/ha (UREA) + 40KkgP+ 80kgK/ha+10kgZn/ha, 120 kgN/ha(UREA) + 40kgP/ha treatments.  Plants in control and those received only the 80 kg N/ha (UREA) exhibited stunted growth, purplish leaves, maize plants developed firing or scorching on outer edge of leaf, while midrib remains green and lower leaves withered in all replications. Stunted growth was observed in plants grown in control plots and plots received N in both sites Namabengo and Lusewa. The observed differences in vigour were attributed to P levels in these soils since other suspected limiting nutrients such as S, Zn K had been balanced at sowing. 

Therefore stunted growth in the control soils for both experimental sites were due to N and P deficiency in these soils because these soils had low N and P during its analysis.
 
4.2.2   Effects of Phosphorus, Potassium, Nitrogen and Zinc on nutrient concentrations in Maize leaf samples taken at tasseling
Results of the effects of residual N, P, K, and Zn on maize dry matter yields harvested at (tassaling) 42 days after planting are given in Table 5. Dry matter yields of maize plants in the two soils ranged from 102.91g/subplot to 326.14g/subplot at Namabengo site  while  at  Lusewa  dry  matter  yields  of maize  plants  ranged from 
104.3g/subplot to 253.5g/subplot.  

Table 5:  Effect of Phosphorus, Potassium, Nitrogen and Zinc on Maize dry matter in experimental sites 
Treatment	Namabengo Site	Lusewa Site
	Dry matter yield (g plot-1)	Dry matter yield (g plot-1)
 (i) N0 P0 K0 Zn0  Absolute   Control 	102.91c	104.3 a
 (ii) N80 P0 K0 Zn0	149.66 c	145.9 a
 (iii) N80 P40 K0 Zn0	219.91 b	229.0 b
 (iv) N80 P40 K80 Zn0	273.42ab	235.2 b
 (v)  N80 P40 K80 Zn10	294.97 a	246.4 b
 (vi)N120 P40K80 Zn10	326.10a	253.5 b
Averages with different letter within the column are significantly difference at the 5% probability using Duncan multiple range test.
Source: Reseacher data 2013

Residual N, P, K, and Zn significantly (P = 0.05) increased dry matter yields in all soils.  Higher increase in dry matter yields was observed in both soils were N, P, K, and Zn were added while, relatively small dry matter yields were observed in both sites were N, P, K, and Zn were not included in the soil.  In all soils DAP, UREA, Potassium and Zinc had comparable residual effects on dry matter yields.  In all soils the lowest dry matter yields were obtained from control plants.

The increased dry matter yields of maize grown in Lusewa and Namabengo soils was attributed to residual N, P, K and Zn as other nutrients such as Mg, Cu and S were checked and balanced in soil at planting and at different stages of growth thereby making them not limiting.  In Lusewa and Namabengo in all control soils dry matter yields were poor.  This was anticipated given the low level of residual N, P, K and Zn in the soils.  The P in these soils was below 6mg P/kg (Table 5) and, therefore, far below the critical concentration of 15 mgP/kg (Landon, 1996).  In this study, the results obtained under field study at Namabengo site gave similar results to that of Lusewa site.    Generally application of phosphate fertilizers, Nitrogenous fertilizers, ZnSO4 and K2O5 resulted into increasing dry matter yields.  Therefore to conclude the observed yields were due to addition of N, P, K and Zn fertilizers, since control plots had poor dry matter yield.

4.2.3    Effect of residual phosphorus, Nitrogen, Zinc sulphate and Potassium on nutrient uptake by a maize plants
4.2.3.1   Phosphorus
Uptake of phosphorus in maize plants is presented in Table 6.  The DAP (Di ammonium phosphate) treatment significantly increased  the uptake of phosphorus over the control treatment with uptake being over 0.28mg/plot for Namabengo soil and only slightly over 0.26mg/plot for Lusewa soil. Uptake of P by plants was relatively small in Namabengo soil and it ranged between 0.17 to 0.36 mg/plot.  In all the experimental soils, the lowest P concentrations were observed in plants grown in soils from absolute control plots.. Phosphorus uptake values were 0.17 and 0.17 mg/pot for control plants in Namabengo and Lusewa respectively (Table 4).  All the concentrations of phosphorus in maize shoots were in sufficient levels (Tandon, 1995).

4.2.3.2   Nitrogen
The uptake of nitrogen ranged from 1.687 mg/kg to 2.356mg/kg with mean uptake of 2.165 mg/kg at Namabengo soil and nutrient concentrations in Maize leaves taken at tasseling from Lusewa site ranged from 1.786mg/kg to 2.141mg/kg with mean uptake of 1.923mg/kg. All the value ranged low to medium (London 1991) (Table 6).  The uptake of nitrogen was significantly (P = 0.05) higher in soils treated with UREA (N80 and N120) in all soils Lusewa and Namabengo. Control plants had the lowest uptake of N in all soils.  Nitrogen concentrations in maize appreciably varied for the two soils. The concentration of N in maize plants grown in Namabengo and Lusewa soil received three to four fertilizer levels which were adequate for optimum maize growth (Tisdale et al.,1993).  Inadequate concentrations of N were observed in maize plants grown in both sites in plots received no Nitrogen fertilizer treatment. However, control treatments gave the concentrations above 1.77% at Namabengo and 1.24% in Lusewa site which were (low) in adequate for optimum maize growth. Low uptake of N in control plants in all soils was attributed to small dry matter yields of control plants, which resulted from low supply of N and other macro and micro nutrients (Table 6). 

 On the other hand, higher uptakes in treated soils were attributed to large dry matter yields due to adequate supply of N, P, K and Zn  in soils treated with UREA, DAP, K2SO4 and ZnSO4.  Overall, the uptakes of N by plants were second largest to phosphorous and potassium uptake.  This conforms to Brady and Weil (2000) who stated that N, P and K elements are taken by plants in larger amounts than other elements. Application of different N fertilizers levels resulted in comparable effects on concentration of nitrogen for plants as taken at tasseling in Namabengo as well as Lusewa. According to fertility (Campbell and Plank, 2000) application of fertilizers especially N containing fertilizers is essential for optimum maize plant growth example N100kg/ha should be applied to have the optimum condition for maize growth for the poor soil. 

4.2.3.3   Potassium
Uptake of potassium was the largest of all considered nutrient elements.  It ranged from 1.73% in control plots to 4.83% (Table 6). Lowest potassium uptake was observed in maize plants grown in Namabengo soil.  It ranged from 1.73% in control plots to 4.83% in plots treated by K.  The potassium treatments significantly (P = 0.05) increased potassium uptake by plants in all soils. In all soils the lowest uptakes were found in plants grown in control plots.  Potassium concentration in maize shoots ranged from 2.177% to 2.366% at Lusewa site and 1.687% to 2.356 for Namabengo soils, (Table 6).  Basing on rating of (London, 1991) these values of potassium concentration were sufficient for optimum maize growth.  

However, in both soils, potassium concentrations in treated plants were sufficient. Walsh and Beaton (1973) pointed out the critical value is 1.90% while the sufficient range in maize is 2.0 – 3.0.  The concentrations in control maize plants were significantly lower at Namabengo site than that for plants grown in soils treated with Potassium chloride (KCl). Significantly higher uptake of K by plants in Lusewa and Namabengo plots treated with N, P and K was attributed to large dry matter yields. The relatively lower potassium concentrations in plants in plots treated with P and N as compared to potassium concentration in control plants especially at Namabengo site were attributed to dilution effect due to increased dry matter yields.

However, this was compensated by increase in uptake of potassium.  Generally high concentration of potassium in maize shoots treated by K was probably due to excessive uptake of the same.  According to Brady and Weil (2000) Plants absorb potassium far excess of their needs if sufficiently large quantities are present.

4.2.4.4   Zinc
Uptake of zinc in maize plants varied from 5.9mg/plot to 34.74mg/plots at Namabengo site (Table 7). There was significant (P =0.05) increase in uptake of zinc in plots treated with Zinc Sulphate hepta fertilizer. The concentrations of zinc in plants in both sites Namabengo and Lusewa soils followed the order, Control<N<NPK<NPKZn.  Zinc uptake was smallest in control plots.  In all soils zinc uptakes by maize plants in plots treated with ZnSO4 in combination with other fertilizers including DAP; UREA and Murate  of  potash were comparable.  When Zn was applied, dry matter yield increased slightly but not significantly over the micronutrient. Zinc concentrations in maize shoots ranged from 5.40mg/kg in control to 14.12mg/kg in plots treated with Zn10. These concentrations were rated as sufficient for optimum maize growth (Tandon, 2000).  







Table 6:  Effect of Maize varieties and fertilizer levels on nutrient concentrations in Maize leaves taken at Tasseling
Main treatment 	Namabengo site	Lusewa site
(Maize varieties)		N (%)1	P (%)	K (%)	Zn (mg/kg)	N (%)	P (%)	K (%)	Zn(mg/ kg)




S.E ±	 0.0798	0.01	0.1444	7.92	 0.1205	0.00	0.09	1.413
CV (%)	  3.7	1.90	6.1	32.5	   6.3	1.10	2.70	13.6
Sub treatments(Fertilizer levels)								
(i) Control (No fertilizer)	1.687b	0.17b	2.472a	  5.87 b	1.808	0.17b	2.211 a	11.58ab
(ii) N80 P0 K0 Zn0 	2.179a	0.17 b	2.365a	24.38 a	2.141	0.17b	2.264 a	10.37ab
(iii) N80 P40 K0 Zn0	2.254a	0.22ab	2.365a	24.38 a	1.907	0.21ab	2.264 a	10.37ab
(iv) N80 P40 K80 Zn0	2.261a	0.37a	2.264a	24.72 a	1.949	0.30a	2.366a	10.37ab
(v)  N80 P40 K80 Zn10 	2.251a	0.38a	2.371a	32.19a	1.786	0.33a	2.301a	5.40b
(vi) N120 P40K80 Zn10	2.356a	0.37a	2.352a	34.74 a	1.947	0.36 a	2.177a	14.12a
Mean	  2.165	0.28	2.365	24.4	1.923	0.26	2.264	10.37
S.E ±	  0.2689	0.01	0.3380	9.50	0.2574	0.01	0.2285	5.606
CV (%)	  12.4	5.10	4.9	39.0	 13.4	5.30	10.1	54.1
1 Averages with different letter within the column are significantly difference at the 5% probability using Duncan multiple range
Source: Reseacher data 2013

Table 7:  Effects of Maize Varieties and different combinations  on Maize yield and yield Components at Lusewa experiment site
Main treatment				Yield and Yield Components







Sub treatments (Fertilizer levels)							
(i) Control (No fertilizer)	104.3 b	65.1 b	0.778b	6.89c	30.23 d	1512f	22.86b	1.34f
(ii) N80 P0 K0 Zn0	145.9 b	95.7b	1.000a	10.00b	62.84c	3142e	36.38a	2.79e
(iii) N80 P40 K0 Zn0	229.0 a	134.7a	1.000a	11.56b	82.91bc	4146d	37.07a	3.71d
(iv) N80 P40 K80 Zn0	235.2 a	149.6a	1.000a	12.00ab	101.93b	5097c	38.23a	4.52c
(v)  N80 P40 K80 Zn10	246.4 a	152.2a	1.000a	13.12ab	132.97a	6648b	35.67 a	5.90b




1 Averages with similar letter in the column are not significantly difference at the 5% probability using Duncan multiple range test
Table 8: Effects of Maize Varieties and different combinations  on Maize yield and yield Components at Namabengo experiment site
Main treatment				Yield and Yield Components
(varieties)	Total Dry Matter 	Plant Height 	Cob per Plant	Rows per Cob	Yield per Cob (g/plant)	Yield Sub Plot-1(Kg/plot)	100Seed  weight (g)	Yield t/Plot-1
Pioneer PHB 3253 	219.9ab	134.8b	0.944a	12.33a	 95.0b	4752a	27.96b	4.219b
Local	282.2 a	181.6a	0.994a	  9.06b	 90.6b	4530a	40.52a	4.023b
DKC 8053	181.4b	125.4b	1.000a	11.78a	123.2a	6158a	37.89a	5.566a
Mean	227.8	147.3	0.963	11.06	102.9	5147	35.5	4.603
S.E ±	30.38	7.86	 0.0556	0.836	9.53	476.5	5.66	0.3714       
CV (%)	13.3	5.3	5.8	7.6	    9.3	9.3	16.0	8.1
Sub treatments(Fertilizer levels)								
(i) Control (No fertilizer)	102.9c	89.8c	0.778b	6.78c	33.6f	1678f	27.62b	1.480f 
(ii) N80 P0 K0 Zn0 	149.7c	125.2b	1.000a	10.33b	74.4e	3719e	36.38a 	3.303e
(iii) N80 P40 K0 Zn0	219.9b	161.3a	1.000a	11.56ab	94.4d	4719d	  37.07a 	4.190d
(iv) N80 P40 K80 Zn0	273.4ab	170.8a	1.000a	11.89ab	 109.5c	 5474c	38.23a 	4.860c
(v)  N80 P40 K80 Zn10 	295.0 a	169.0a	1.000a	12.89a	138.5b	 6927b	35.67a	6.153b
(vi)  N120 P40K80 Zn10	326.1a	167.6b	1.000a	12.89a	167.2a	 8362a	 37.78a 	7.631a
Mean	227.8	147.3	0.963	11.06	102.9	5147	35.5	4.603
S.E ±	58.08	19.27	0.1925	1.945	 14.94	746.9	8.14	0.6584        
CV (%)	25.5	13.1	20.0	17.6	   14.5	14.5	23.0	14.3
1 Averages with similar letter in the column are not significantly difference at the 5% probability using Duncan multiple range test




4.2.4.5   Yield per Cob (g/plant)
The effects of varieties on yield per cob (gram/plant) ranged from 90.6g for Local variety - 123.2g for DKC8058 variety (Namabengo site) while weight of yield per cob for Lusewa site ranged from 64.2g for Local variety – 122.36g for DKC 8053 variety. Meanwhile the effects of fertilizer levels on yield per cob (g/plant) ranged from 30.23g in control – 171.69g in plots treated with N120 P40K80 Zn10 with a mean of 97.1g at Lusewa site while the effects of fertilizer level on yield per cob (g/ plant) ranged from to 33.6g in control – 167.2g in plots treated with N120 P40K80 Zn10 with a mean of 102.9 at (Namabengo site). Result indicates the increase on yield per plant as the fertilizer level increased (Table 7 and 8). The report is in agreement to other results reported by (Campbell and Plank, 2000) that application of phosphate fertilizers, Nitrogenous fertilizers, ZnSO4 and K2O5 resulted into increasing dry matter yields.  

4.2.4.6   Yield per 100 Seed weight (g/plant)
The effects of varieties on 100 seed weight (gram) ranged from 27.96g for PHB 3253 variety – 387.89g for DKC8058 variety at Namabengo site while weight of weight of 100 seed for Lusewa site ranged from 31.81g DKC 8053 variety – 37.81g for PHB 3253 variety. Moreover the effects of fertilizer levels on 100 seed weight ranged from 27.86g in control – 37.78g in plots treated with N120 P40K80 Zn10 with a mean of 34.7g at Lusewa site while the effects of fertilizer level on 100 seed weight (g) ranged from to 27.62g in control – 38.23g in plots treated with N80 P40K40 Zn0 with its mean being 35.5 at Namabengo site. Result in tables 7 and  8 indicates there is no significant  at  5%  increase  on  seed  weight  per  100  seed  as  the  fertilizer  level 
increased except in plots treated without fertilizers in both experimental sites. Results revealed that the effects of varieties on 100 seed weight and interaction were not significantly different at (P<0.05) for Lusewa site but was significant at Namabengo site. However, the effects of fertilizer levels and the interaction effect at Lusewa and Namabengo sites were significantly different at (P<0.05) using Duncan multiple range test were observed on varieties refers table 7 and table 8.

4.2.4.7   Grain yield 








Table 9  :  Effect of fertilizer levels on Gran yield Production Site comparison
Main treatment	Lusewa Site	Namabengo Site
(varieties)	Yield t/ha-1	Yield t/ha-1




S.E ±	0.779	    0.3714
CV (%)	18.0	8.1
Sub treatments(Fertilizer levels)		
(i) Control (No fertilizer)	1.34f	1.48f
(ii) N80 P0 K0 Zn0 	2.79e	3.30e
(iii) N80 P40 K0 Zn0	3.71d	4.19d
(iv) N80 P40 K80 Zn0	4.52c	4.86c
(v)  N80 P40 K80 Zn10 	5.90b	6.15b




1 Averages with similar letter in the column are not significantly difference at the 5% probability using Duncan multiple range test.
Source: Reseacher data 2013

However, application of N80 P40 K80 Zn0 showed grain yield of 4.22tha-1 for Local variety, 5.04tha-1 for Pioneer variety and 5.93tha-1 for DKC 8053 variety on other hand application of (P and K alone) N80 P40 K0 Zn0 produce grain yield of 3.93tha-1 for Local variety, 5.56tha-1 for Pioneer variety and 5.15tha-1 for DKC 8053 variety, while application of (N alone) N80 P0 K0 Zn0 grain yield of 2.51tha-1 for Local variety, 2.48tha-1 for Pioneer variety and 4.99tha-1 for DKC 8053 variety but for Control (No fertilizer) application showed grain yield of 0.67tha-1 for Local variety, 0.97tha-1 for Pioneer variety and 3.07tha-1 for DKC 8053 variety.  From Lusewa site results indicated that grain yield tone per hectare in plot treated with N120 P40 K80 Zn10 was 4.59tha-1 for Local variety, 6.77tha-1 for Pioneer variety and 7.52tha-1 for DKC 8053 variety, for plot where N80 P40 K80 Zn10 applied grain yield was 3.46tha-1 for Local variety, 5.65tha-1 for Pioneer variety and 6.39tha-1 for DKC 8053 variety. In application of N80P40K80Zn0 grain yield per hectare was 4.13tha-1 for Local variety, 5.15tha-1 for Pioneer variety and 3.62tha-1 for DKC 8053 variety. In application of N80P40K0Zn0 grain yield were 2.18tha-1 for Local variety, 5.58tha-1 for Pioneer variety and 4.92tha-1 for DKC 8053 variety, application of (N alone) N80P0K0Zn0 showed grain yield of 2.05tha-1 for Local variety, 2.82tha-1 for Pioneer variety and 3.91tha-1 for DKC 8053 variety.

However, the control plot had very low grain yield per hectare compared to other plots treated with fertilizers which were 0.55tha-1 for Local variety, 0.64tha-1 for pioneer variety and 1.93tha-1 for DKC 8053 variety. Each variety indicated slightly difference as treatment changed from control to treatment level six. The results in table 7, table 8 and appendix 5 indicated that DKC 8053 gave good response on most nutrient and their combination on yield at both site Namabengo and Lusewa. 








5.0 	CONCLUSION AND RECOMMENDATIONS
5.1     Conclusions
From the study, the following conclusions could be made:
The soils chemical properties after analysis reviles status of some nutrients (N, P, K and Zn)   which are the key nutrients for optimal maize yield production, soil are very poor and imbalanced nutrient: example low P, very low N, low K in Namtumbo district which are the major constrain for yield production as indicated in Appendix 1b.

The two locations under which the study was conducted had no significant effect on grain yield and other yield parameters inspite of having differed geographical zones and pattern of rainfall amount, soil characteristics altitudes and hence temperatures. 

Results from field experiment conducted at Namabengo and Lusewa site indicated that application of fertilizer with rate of N120 P40K80 Zn10 had high grain yield per hectare to all varieties tested and had great important for biological yields;- total dry matter, number of cob per plant, number of kernel rows per cob, yield per cob and grain yield per hectare as tabulated on table 7 and 8.

At Namabengo site the highest grain yield per hectare was 6.18tha-1 for Local variety, 6.76tha-1 for Pioneer variety and 8.91tha-1 for DKC 8053 variety on application of N120 P40K80 Zn10 treatment. While application of farmers’ routine (N alone) N80 P0 K0 Zn0 grain yield of 2.51tha-1 for Local variety, 2.48tha-1 for Pioneer variety and 4.99tha-1 for DKC 8053 variety. 

At Lusewa experimental site results indicated that grain yield tone per hectare in plot treated with N120 P40 K80 Zn10 was 4.59tha-1 for Local variety, 6.77tha-1 for Pioneer variety and 7.52tha-1 for DKC 8053 variety, while result from farmers routine (application of N alone) N80P0K0Zn0 showed grain yield of 2.05tha-1 for Local variety, 2.82tha-1 for Pioneer variety and 3.91tha-1 for DKC 8053 variety.  Each variety indicated slightly difference as treatment changed from control to treatment level six, results in table 6, table 7 indicates.

In this study, the results obtained under field study at Namabengo site gave similar results to that of Lusewa site. Generally application of phosphate fertilizers, Nitrogenous fertilizers, ZnSO4 and K2O5 resulted into increasing dry matter yields.  For this study N120 P40K80 Zn10 best and optimal nutrient combination for maize production in Namtumbo district. DKC 8053 maize variety has proven to be the highest grain yielding per hectare upon different fertilizer treatment, thus I recommend it to be used all over the Namtumbo district. Therefore to conclude the observed yields were due to addition of N, P, K and Zn fertilizers, since control plots had poor dry matter yield.

5.2	Recommendations
Based on the study conducted in the two locations, with regard to variations due to, locations, weather, fertilizer combinations and different maize varieties used on yield and yield components of maize production, the following are recommendations:
Evaluation of Soil fertility status to other potential maize growing areas should be done to understand the availability and deficiency situation of the nutrients. For the improving optimal maize production N120P40K80Zn10 have to be applied together to most of the Namtumbo soil. Most of soil samples collected from different twenty villages had shown sulphur deficiency.

Further research is recommended to establish the optimum rate of Nitrogen, Phosporous, Potassium, Zinc and Sulphur required for maize production in Namtumbo District and other maize growing Ruvuma region and in the Southern Highland of Tanzania.

Extension agricultural services in collaboration with researchers are recommended to disseminate the knowledge to farmers’ importance of using macronutrients N, P, K, and micronutrient such as zinc and sulphur in soils dominated by sand soil.
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Appendix 1b: Soil analysis results from twenty Villages of Namtumbo district Council
Appendix 2a  :  Summary of analysis of variance for Yield and Yield Components at Namabengo 			    experiment site








Appendix 2b : Maize production trend in Namtumbo
		

Source: Namtumbo District DALDOs’office 2013.

Appendix 2c: Maize production trend in Ruvuma region
	




Appendix 13:  Summary of analysis of variance for Yield and Yield Components at Lusewa 			experiment site




       N= 53
* Significant at 0.05 probability level (Significant)
** Significant at 0.01 probability level (High Significant)
*** Significant at 0.001 probability level (Highly significant)






Appendix24:   Summary of analysis of variance for Yield and Yield Components at Namabengo 			experiment site




       N= 53
* Significant at 0.05 probability level (Significant)
** Significant at 0.01 probability level (High Significant)
*** Significant at 0.001 probability level (Highly significant)
        ns Significant (Not significant).





Treatment Levels	Pioneer	Local	DKC 8053	Pioneer	Local	DKC 8053
(i) Control (No fertilizer)	0.97	0.67	3.07	0.64	0.55	1.93
(ii) N80 P0 K0 Zn0	2.48	2.51	5.43	2.82	2.05	3.91
(iii) N80 P40 K0 Zn0	3.93	5.56	6.39	5.58	2.18	4.92
(iv) N80 P40 K80 Zn0	5.04	4.22	5.93	5.15	4.13	3.62
(v)  N80 P40 K80 Zn10	5.91	4.65	5.45	5.65	3.46	6.39
(vi)  N120 P40K80 Zn10	6.7	6.18	8.91	6.7	4.59	7.52
Appendix35 : Yield components against fertilizer levels at Namabengo and Lusewa experiments sites





























Source: Reseacher plates 2013 taken from Namabengo site

Source: Reseacher data 2013




